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Effects of captopril and clonidine on resting and stress cardiac perfor-
mance of left ventricle in spontaneously hypertensive rats'
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ABSTRACT Captopril {Cap) 20 mg-kg !
+d™?! and clonidine ¢(Clo} 300 pgekg™'+d"'
were given pe to SHR from their parents mat-
ing day to 24 wk of age. with untreated, age-
matched SHR and WKY as controls. Stress
cardiac function was assessed by the develop-
ment of LVdp/dt,.. in response to incremental
pressure load {phenylephrine, Phe) and vol-
ume load {(dextran, Dex ). The slope of
MHR/AMAP relationship curve was used as
Results
showed that both Cap and Clo caused decreas-
es in BP in SHR. Cap not only reduced
markedly the left wventricular mass/body
weight (LVM/BW), {(mgrg ', 2.71 0.4 vs
SHR 3.5+ 0.3. P<{0.01), but also normal-
ized the LVdp/dtp,» —LVdp/dtwe, T value,
and the stress cardiac function. Clo neither
decreased the LVM/BW (mg*g ', 3.4 0.5
vs SHR 3.5+0.3, P>>0.05), nor improved
the resting and stress cardiac function, The

an index of baroceptor sensitivity,

results suggested that attenuation of the left
ventricular hypertrophy (LYH) is beneficial
not only to the resting but also stress cardiac
performance.
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Is the regression of the hypertensive left
ventricular hypertrophy (LVH) beneficial?
Both clinical and laboratory investigatocrs are
interested n this very practical and daily en-

countered issue''”*.

Most of the antihyper-
tensive drugs can reverse the LVH, but the
regressive effect on the cardiac systolic and

=51 Inves-

diastolic performance is variable
tigators speculated that reversal of hypertro-
phied myocytes is much easier than that of col-
lagen hyperplasia, because of shorter half life
of myocyte protein compared with that of in-
terstitial fiber.

hypertensive drugs would reverse the hyper-

They worried about that anti-

trophied myocytes and leave relatively greater
amount of collagen, leading to a stiffer ventri-
cle. Furthermore, LLVH is an adaptive re-
sponse of the organism to a greater afterload
imposed by hypertension, aiming at overcom-
ing a greater resistance and maintaining a nor-

mal or even higher output' ™,

They argued
whether interruption of the adaptive process
by various antihypertensive drugs may deteri-
orate the cardiac function. So far, investiga-
tors have been focusing their concerns on car-
diac function after regression of LVH in estab-
lished hypertension. However, no reports of
early therapy to prevent the development of
hypertension on resting and stress cardiac
function have been found. This paper is in-
tended to reveal whether captopril (Cap)
4reatment , initiate from their parents mating
day, can improve the resting and stress car-
diac function, the control group comprised of
untreated WEKY. untreated SHR, and cloni-

dine (Clo)-treated SHR group.
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MATERIALS AND METHODS

Rats Experitments wete performed on 24-wk-old
spontanecusly hyperrensive rats (SHR ! and Wistar
Kvote (WKY ) rats bred in our laboratory. The
breeding rats were given Cap 120 mg+kg '*d™". Sino-
American Shanghai Squibb Pharmaceutical, Ltd) and
Clo 1300 ug*kg '-d ', Danyang Pharmaceutical Fac-
tory . Jiangsu Province} po daily mixed in milk powder
Labour 10 g} as a cake, starting on the mating day
throughout pregnancy and lactation. After weaning,
the treatment of only the pups (#=13. 12 in Cap and
Clo treated groups respectively ) was maintained with
the same dosage as thar for their parents until 24 wk
The control $

and & breeders and their pups (untreated SHR #=13.

of age, when the experiment hegan.

untreated WKY »=13) were given only the vehicle.
The rats were housed 3 to 4 per cage in a room at 224
2 C . humidity 5535 % . and a 12-h light:dark cycle.
Standard laboratory rat chow and tap water were pro-
vided ad f15.

Baroreflex control of heart rate
anesthetized with scdium  pentobarbital

The rats were
(35 mg
«kg™'. ip.) and one catheter was placed via the
femoral artety into the descending acrta and ancther
one through femoral vein inro inferior vena cava for
measuring the BP and administering the drugs. BP
was tnonitored by using a solid transducer ¢ model
CYS, Institute 634 of Ministry of Ascronautics. Bei-
jing ) and recorded on a polygraphy (model RM&200.
Mihon Kohden Corp, Tokye. Japan?, The experi-
ment commenced after BP and HR had stabilized.
MAP and HR in response to bolus iv injection of Phe
and nicroprusside (Nit ) (0. 5,1, 2 .4, and b pg
*kg™') were monitored. Drugs were dissolved in 0.9
%7 saline solution before each experiment every day.
The se-
guence of administration of Phe and Nit as well as dos-
BF and HR were
allowed to return to basal level before the next dose

and the volume of injection was -2 wml.
es of various drugs was randamized,

was given. Peak increase and decrease in MAP after
Phe or Nit injection and the corresponding pesk reflex
HR was calculated by
R-R peried on the electrocardiogram: HR = 3000/ (R-
R}. The =lope for barcreceptor control of HR was

changes in HR were recorded.

determined by fitting a regression line through points
relating the changes in HR and the changes in MAP.,

Measurement of left ventricular mass
(LYVM)

artery were excised along the curve between atria and

Atria . the root of aorta, and the pulmonary
venrricles., Afrer removal of the free wall of the right
ventricle, the left ventricle (LV ) with the seprum was
weighed as the LVM. LVM w0 BW ratic (LVM/BW)
was used to quantitare the LVH.
Myocardial NE measurement Myocardium was
homogenized in a glass grinder in ice cold perchloric
acid 0- 4 mmol+L~'(50 ml+-g~" hearr tissue, containing
edetic acid 3 pmol+L7? and sodiutm metabisulfate 10
pmel«L~').  After centrifugalizing at 15 000 X g at 4
T for 20 min.

with activared albumin and measured by a spectrofluo-

NE in the supernatant was absorbed

tometer, The sensitivity was 10 ug*g ' myocardium

with a recovery rate of 8445 3 7 and a coefficient of
variation of 3. 8 4§,

Myocardial hydroxyproline determination The
samples of LV were cleaned of blood and dried to con-
stant weight at 40 T and ground. The sample of tis-
sue powder was heated with HCl 4 mmol L~ ! at 105
Hydroxypro-

line content was measured spectrophotometrically after
Cinl .

T overnight for hydrolysis of collagen.

its reaction with Ehrlich reagent at 538 nm

Measurement of cardiac pumping abilliy™ Leit
ventricular and arterial pressure were obtained by
catheters placed in the LV via the right carotid artery
and femoral artery respectively and connected to solid
state transducers (PT14M, Fudan University. Shang-
hai). These transducers were connected with a ti-
crocomputer detecting sysctem (model WXG-1 Railway
Medical College. MNanjing}, and a computer (Apple-
IIb.  Instantanecus changes in LY and arterial pres-
sures were recorded and the results were calculated
and printed by the computer. After catheterization
end stabilizarion 30 min, the LVSP, LVEDP. (-dp/
diman s LVAp/dtnn: —LVdp/dtn., Vioue- and the time
of the pressure decrease in the period of isovolumic re-
laxation (T wvalue} were recorded. Then escalating
doses of 6 Y1 dextran (Dex) I, 2. 4, and 8 ml-kg™!
and Phe .5, 1, 2, and 4 ugkg ' of Phe were admin-
istrated. The responses of LVdp /dfm to the increas-
ing volume and pressure load were regarded as the
stress cardiac performance.

Statlstical analysis ANOVA and unpaired ¢ test
were used to evaluate any difference between the con-
trol and treated animals.
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RESULTS

At 24 wk of age, SBP, DBP, and MAP
in untreated SHR were higher than those in
WKY (P<{0.01), with no difference in HR
and BW, and LVM/BW in untreated SHR
was much greater than that in WKY (P <
0.01). Both Cap and Clo treatments early
started effectively prevented the increases in
BP in SHR. Although SBP reduction by Cap
did not reach the level of that of WKY, MAP
decreased as much as that of WKY. Mean-
while, LVM/BW was decreased by Cap
(SHR(,, 2.7 £ 0.4 vs SHR 3.5+ 0.3, P <<
0.013. Although Clo decreased SBP, DEP,
and MAP to an extent of WKY, while no sig-
nificant effect on LVM/BW has been shown
(SHRg, 3.41+ 0.5 vs SHR 3.5+ 0.3, P>
0.05) (Tab 1)

Myocardial NE and hydroxyproline My-
ocardial NE and hydroxyproline in untreated
Both Cap and Clo treat-
ments decreased the myocardial NE and hy-

SHR were increased.

droxyproline in 'SHR. The decrease in hy-
droxyproline in Cap treated rats was more
than that in Clo treated group (Tab 1).

Cardiac pumping ability At 24 wk of
age. in the resting state, LVdp/dtm., and
Vewax were greater in SHR than that in WKY
(LVdp/dtm. SHR 2155+ 390 vs WKY 1455+
456 kPa+s~ !, P<(0.01}, with less —LVdp/
dtmee 2nd higher T value (Tab 1), indicating
an enhancement of cardiac contractility and
impairment of diastolic function in untreated
SHR. Cap treatment increased the —LVdp/
dt . (SHR,, 12934120 ws SHR 805+ 223 kPa
+371, P<Z0.01), with much lower T walue (P
<0.01). Meanwhile, LVEDP decreased by
Cap compared with that mm untreated SHR
group. indicating that Cap improved the dias-
tolic performance of SHR in resting state, and
the abnormally accentuated hemodynamic sys-
tolic function was also ameliorated.

On the contrary, Clo increased the
LVEDP and decreased the LVdp/dtm.,, with

Tab 1. Effects of early start in rats from their parents mating day to 24-wk-old po captoprll 20 mg-kg ™ '+d ™' and
clonidine 300 ug+kg ' -d ' treatment on BP, HR, hody weight. LVM/BW, NE. bydroxyproline and heart func-

tion. *P<70.01 vs SHRcrm s "P<<0. 01 vz WKY. ¥t=.

WKY SHRc SHRc,, SHRc.

n 13 13 12
Body weight, g 322463 280+ 31 26752 248+ 45"
SBP. kPa 18.3x2. 9 29.0+3. ¢ 21.1£1. 7 19.0+3. ¥
DBP. kPa 13.542.3 20,63 2 14, 241, 8° 13. 2 3. 5°
MAP, kPa 15. 6+ 2.5 23.1+3.5 16.5+1. 3 15.3£3.1°
HR, bpm 352446 355432 363131 255+ 36°
LVM/BW, mg+g™ 2.3+0.2 3.5+90.3 2.7+0.3 3.440.5
NE content, ng 307+124 1 2364225 458+ 231° 554+ 121°
Hydroxyproline., ng 5331143 T66L 116 529+135° 603+115°
LVSP, kPa 1743 27+ 3 19+2 18+3°
LVEDP, kPa 0.710. 4 0.7£0.4 0,51+0.2 1.1£0. 4
LVdg/des kPa-s7? 1 4544456 2 155+ 39¢ 1 go2+ 230 1127217
t-dp/des ms 13.642.0 14.0£1.6 13.9+1.0 13.7£2.6
—LVdp/de, kPass™’ 1 0424268 BOA+2E3 1 2034120 953+229
T, ms 11.9%2.6 15.24+3.0¢ 11. 62, 6° 16. 33 9
Veas 57 27655 300454 273440 242445
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no difference in —LVdp/dt., and T values ws
the untreated SHR, suggesting that Clo dete-
riorated the resting cardiac systolic and dias-
tolic performance.

The change in LVdp/dzm.. related to the
inmcrement of pressure load by iv Phe was de-
creased in untreated SHR compared with that
of WKY . especially in response to higher dos-
es of Phe, suggesting that the potential im-
pairment of cardiac systolic per{formance in the
presence of high afterload. even though the
resting cardiac systolic function was apparent-
ly enhanced. In Cap treated rats, however,
the change in LVdp/d#. wasmuchmore
increased than that of SHR. Clo treatment
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vig 1. LVdp/dfe. induced by iv phenylephrine or

dextran in SHR rats treated with captopril (SHRc,,
and clonidine (SHRq, 7 ¥5 untreated SHR and WKY
rats. Xzxs. “P<0.01vs SHR, "P<{0.01 vs WKY.

deteriorated the systolic ability of LV com-
pared with that of untreated SHR (Fig 1).
With increasing volume load by iv Dex, the
Frank-Starling curve rose initially in WKY
rats. but declined when the dose of Dex
reached & ml+kg !. However, the Frank-
Starling curve in the untreated SHR shifted
rightward (Fig 1). suggesting that the sys-
tolic ability of LV was impaired also in the
presence of over volume load in untreated
SHR. C(Cap improved the volume stress car-
diac systolic function. manifested by the F-S
cutve lying between those of SHR and WKY,
white the curve was similar to that of untreac-
ed SHR in Clo group.

Baroreflex control of HR The sensirivi-
ty of baroreflex in the Cap treated SHR in-
creased more markedly than that in untreated
SHR. However. in the Clo treated SHR, the
response of HR to change of BP was much at-
tenuated than that in untreated SHR {Tab 2).

Tab 2. AHR/AMAP (bpm+kPa~!) of early start in ~
rats from their parents mating day to 24-wk-old po
captopril 20 mg-kg~'-d™* and clonidine 300 pg-kg™?
*d” " treatment on the response in HR to the change in
blood pressure. “P<Z0. 01 v5s SHRcm» "P<§. 01 vs

WKY. x=s.
WEKY SHRcree SHRc., SHRa.
(n=13} (n=137 (=137 (n=12)

Phe 5. 341.8% 3.7+1.1 5.8+2 3 1.7+0, 99
Nit 4.7+2.5° 3.5+1.4 5.441.7 1.7+0.8F

DISCUSSION

In the present study, the rars received
Cap without water but with a cake of milk
powder in fasting state when the rats rushed
to snatch at it. The advantage of this admin-

istration route compared with that with water

- drinking was that the dosage of the given

drugs would be more accurate, less wasteful
and completely under control, although longer
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breeding time was needed.

The main findings of the present study
were early treatment with either Cap or Clo
could prevent the development of hypertension
in SHE. This finding in Cap treatment was
consistant with Cheng et 22", but Clo early
treatment to prevent the development of hy-
pertension in SHR was not found now yet,

The results of previous studies on the LV
performace after the regression of LVH by an-
tihypertensive therapy were controversial.
The effect of early treatment in SHR on the
Pleffere"™-
found that the regression of LVH could pre-

cardiac function was not reported.

vent the deterioration of systolic performance
of LV in aged SHR treated with guanethidine.

12 also arrived at the same conclusion

Ferrario
in renal hypertensive rats and SHR treated
with methyldopa. Through clinical study.
Fourad"® indicated that the filling rate of LV
was quicked significantly in patients with hy-
metoprolal,

pertension treated with

White’s"™ finding was similar to that of

4 could not find the im-

Fourad. But Incuye
provement of LV performance in the hyperten-
sive patient treated with a combination of
diauretics and B receptor blocker or calcium
antagonist. Similarly, Shali"” failed tc ascer-
tain the improvement of the LV performance
detected by ultrasonic Doppler technique alter
regression of LVH.

This study proved that Cap treatment not
only prevented the occurrence of LVH, but
improved the resting systolic and diastolic per-
formance of LV. Moreover, there were evi-
dences that when the volume and pressure
load were imposed. the L'V systolic perfor-
mance were also improved by Cap compared
with that of untreated SHR. Owur study may
be meaningful in solving the problem that has
long puzzled clinicians . whether or not regres-
sion of LVH is beneficial to the cardiac perfor-

mance.

Both Cap and Clo treatments reduced the.
bhydroxyproline in myoccardium, but the for-
mer inhibited the development of LVH and
mmproved the resting and stress cardiac perfor-
mance, while the latter was unable to prevent
the development of LVH, even further deteri-
orated the resting and stress cardiac perfor-
mance. Thus it is suggested that the amount
of interstitial fiber may not be related to the
cardiac performance as postulated by many in-
vestigators. but the extent of hypertrophy
was actually in close relation to the cardiac
performance.

Although many studies indicated that the
prevention and regression of hypertensive de-
velopment may restore the sensitivity of

C11.15]

baroreflex , the exact mechanism has not

vet been explored. Previous studies of the
baroreceptor sensitivity suggested that, the
changes In the sensitivity were mainly related
to baroreceptors themselves. to the activity of
the cardiovascular center and to the level of
the arterial BP. Little attention has been
paid to the relationship between the barore-
ceptor sensitivity and LVH. Qur study found
that the sensitivity of reflex controlling HE
was enhanced significantly in Cap treated
group vs untreated SHR, while the sensitivity
of the arterial baroreceptor was reduced by
Clo, even though BP in Clo treated group was
comparable to that of Cap group, suggesting
that the more obvicus the LVH, the more in-
ert the reaction of barocceptor response to the
elevation of BP will be. The LVH may play
an important role in the resetting of the arteri-
al baroreceptor.
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